Case report {#sec1}
===========

A 40-year-old Saudi male, previously healthy, presented with new progressive painful eruption that had persisted for 3 weeks. Skin examination showed a tender punched-out ulcer on the lower portion of the left leg measuring 5 cm in diameter ([Fig 1](#fig1){ref-type="fig"}). The ulcer had undermined borders with fibrinous exudate at the base. The patient denied any history of medical illnesses, including inflammatory bowel disease, gastrointestinal symptoms, insect bites, local trauma, or injections. Results of the following tests were either normal or negative: complete blood count, complete metabolic panel, liver function test, antinuclear antibody, glucose-6-phosphate dehydrogenase, and reticulocyte count.Fig 1Photograph showing the ulcer on the left leg before treatment with timolol drops.

A punch biopsy sample obtained from the ulcer showed epidermal necrosis, with infiltration of mixed inflammatory infiltrate with lymphocytes and neutrophils ([Fig 2](#fig2){ref-type="fig"}). There were significant vasculopathic changes in surrounding blood vessels, with fibrinoid necrosis and thickening of blood vessel walls but no karyorrhexis and no frank vasculitis.Fig 2Vasculitis in the mid-dermis (lymphocytic infiltration and focal fibrin deposition).

A diagnosis of vasculitis ulcer was rendered, and the patient was treated with prednisolone 40 mg/d, which was later increased to 60 mg/d in 2 weeks because of inadequate response. At 1 month after starting the steroids, there was no improvement, and dapsone was added as an adjuvant therapy in a dose of 25 mg/d, which was later increased to 50 mg/d. However, the ulcers did not respond to this regimen. The patient declined to start methotrexate or add other immunosuppressants. The patient was seen by rheumatologists, and there was no evidence of generalized vasculitis.

Timolol 0.5% ophthalmic drops were used sparingly in 5 drops 3 times/day installed to the base and the borders on the leg ulcer. Timolol resulted in significant and clear improvement of the ulcer in all aspects at weekly evaluations ([Fig 3](#fig3){ref-type="fig"}). Over the next 6 weeks, the borders of the ulcer became less inflamed with significant reduction of pain, followed by healing of the ulcer. No significant changes in blood pressure or blood potassium were seen during the treatment.Fig 3At 6 weeks, showing complete closure of the wound.

[Table I](#tbl1){ref-type="table"} shows the wound characteristics during the treatment period.Table IWound characteristics during the treatment periodTreatmentUlcer responseOral prednisolone 40 mg/dNo changesOral prednisolone 60 mg/d + dapsone 25 mg/dNo changesOral prednisolone 60 mg/d + dapsone 50 mg/dNo changesOral prednisolone 60 mg/d + dapsone 50 mg/d + timolol drops 3 times/dThe wound started to heal within one week of initiating treatment and was completely healed by the 6th week

Discussion {#sec2}
==========

Wound healing is a well-organized, normal biological process achieved through hemostasis, inflammation, proliferation, and remodeling.[@bib1] It requires the orchestrated migration and proliferation of keratinocytes and fibroblasts, as well as other cell types.[@bib2] Improving and enhancing the wound healing process was and still is the target of many laboratory studies, with many topical and systemic agents investigated. The skin is believed to have an autocrine and paracrine β-adrenergic receptor (β-AR) network in the epidermis and dermis.[@bib3]

The first clues to a biological function for β2-AR in wound repair came from an early study showing that β-AR agonists delay skin wound healing in newt limbs.[@bib4] Later, Pullar et al[@bib2] showed that β-AR antagonists promote wound re-epithelialization by blocking the autocrine β2-AR network within the epidermis. Clinically, nonselective β-AR antagonists were shown to improve wound healing in many studies. Nayak et al[@bib1] showed significantly decreased epithelialization time with a beta-blocker (carvedilol and propranolol) compared with control and alpha-blocker phentolamine. In a double-blind randomized controlled trial, patients who received oral propranolol had a shorter time to healing of superficial wounds and were quicker to receive skin grafts in deeper injuries.[@bib5] Also, topical beta-blocker timolol was shown to promote healing of chronic wounds of various causes.[@bib6], [@bib7], [@bib8] Oberbeck et al[@bib9] explained the immunomodulatory effects of topical timolol. Catecholamines have been shown to have many immunosuppressive activities. Administration of norepinephrine in humans transiently increases the numbers and the activity of circulating natural killer cells and T lymphocytes (SKN-1). Also, elevated levels of circulating epinephrine are associated with an increased lymphocyte proliferation. All of these are inhibited and blocked by a β-adrenergic antagonist such as timolol, thus exhibiting an anti-inflammatory action.

The proposed mechanisms for β2-AR antagonist--promoted wound healing is not known, but theories include, but are not limited to, (1) enhanced keratinocyte migration and re-epithelialization, (2) increased extracellular signal--related kinase phosphorylation and electric field--mediated directional migration (galvanotaxis), (3) enhanced fibroblast migration, (4) reduced local inflammatory response, and (5) enhanced angiogenesis.[@bib2]

In conclusion, the use of a topical or systemic β-blocker is a promising, inexpensive, noninvasive new option to enhance wound healing in complicated ulcers and wounds. Here, the use of topical timolol resulted in complete healing of our patient\'s resistant vasculitis ulcer. Further randomized clinical studies are needed to help dermatologists dealing with this disease.
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